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RESEARCH SUMMARY 


Cubic foot volume equations have been developed for 
Arizona’s juniper, pinyon, oak, and mesquite species. 
Volume predictions can be obtained for wood and bark 
combined of all stem and branch material 1.5 inches in 
diameter and larger. The required measurement variables 
are tree basal diameter near the root collar and total tree 
height. 

The equations were based on data collected on 1,442 
trees at 291 field locations throughout Arizona. Data were 
collected on all woodlands owned or managed by the 
following: State of Arizona; private individuals and corpora- 
tions; Papago, Hopi, and Kaibab Indian Reservations; 
Coronado and Prescott National Forests; all Arizona Bureau 
of Land Management Districts; and several other public 
entities. 

Results are presented in equation and tabular formats. 
Volume equation construction and equation reliability are 
discussed. Graphs display results compared to those from 
other available Arizona woodland volume studies. 
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INTRODUCTION 


Arizona supports vast and diverse juniper, pinyon, oak, 
and mesquite woodland forests. Much of northern Arizona 
contains juniper-pinyon woodlands. In the central part of 
the State and on the lower slopes of the southern moun- 
tain ranges, an oak-juniper-pinyon woodland thrives. 
Mesquite woodlands occur between the southern mountain 
ranges interspersed with Sonoran Desert and grasslands. 
Arizona’s woodlands, by USDA Forest Service definition 
(USDA FS 1985), have at least 10 percent crown coverage 
from trees of woodland species. 

Recent economic and management needs for information 
on Arizona’s woodlands prompted an extensive inventory 
in 1985 (USDA FS 1985). Primary objective was to deter- 
mine total woodland tree volume. Because direct wood- 
land volume measurement is time consuming and costly, 
data were collected in the inventory on a subsample of 
trees for later volume equation development. This paper 
reports on volume equations constructed from that data. 

Previous efforts to develop volume equations for pinyon 
and juniper species revealed that basal diameter, crown 
dimensions, total height, and number of basal stems are 
important predictor variables of tree volume (summarized 
in Chojnacky 1985). Similar results have also been found 
for oak and mesquite woodland species (Gronski 1987; 
Pillsbury and Kirkley 1984; Whisenant and Burzlaff 1978). 

Juniper, pinyon, and oak volume estimation specific to 
Arizona was summarized by Barger and Ffolliott (1972). 
They published volume tables for pinyon, Utah juniper, 
alligator juniper, and Gambel oak. These were produced by 
modifying, extending, or adapting work by Howell and 
Lexen (1939), Howell (1940), and Gevorkiantz and Olsen 
(1955). These volume tables require total height and basal 
diameter for pinyon or diameter at breast height for juni- 
per and oak. Since the Barger and Ffolliott summary, 
several juniper, pinyon, and oak volume equations have 
been developed for Arizona’s Hualapai, Havasupai, Fort 
Apache, and San Carlos Indian Reservations (Chojnacky 
and Ott 1986; Chojnacky 1988). These equations predict 
volume from basal diameter and total height. For 
Arizona’s mesquite, Olson (1940) and Andrews (1988) 
each constructed volume equations from basa] diameter. 

Based on past woodland volume work in Arizona and 
elsewhere, some form of tree diameter measurement 
and total tree height are the most common volume predic- 
tor variables. From previous work (Chojnacky 1985; 
Chojnacky and Ott 1986), three principles relating the 
importance of diameter and height to woodland volume 
prediction seem clear: 


1. Volume is adequately predicted from the combina- 
tion variable, diameter squared times height divided by 
1,000 (DSQH). 

2. The volume-to-DSQH relationship is linear, except 
for the largest trees. 

3. The volume-to-DSQH relationship differs between 
single-stem and multiple-stem trees of a given species. 


These principles are not surprising, because they follow 
from well-known mensuration results for many tree spe- 
cies. Because they also reflect past woodland volume 
results from other studies, additional strategies for vol- 
ume equation construction were not sought. 


DATA COLLECTION 


Volume data were collected from 291 plots (fig. 1) 
owned or managed by the State of Arizona; private indi- 
viduals or corporations; Papago, Hopi, and Kaibab Indian 
Reservations; Coronado and Prescott National Forests; all 
Arizona Bureau of Land Management Districts; and some 
miscellaneous public entities. The field plots were 
subsampled from the 1985 Arizona woodland inventory 
(USDA FS 1985). Plots were proportionately selected 
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Figure 1—Location map of the 291 study plots. 


Table 1—Summary of Arizona woodland volume data by species group 


Ownership or Number of Mean Median Mean Mean Single-stem Number of 

management agency trees volume volume DRC height trees plots' 
Ft? Ft? Inches Feet Percent 
Juniper species group 

Private or corporate 169 7.5 2.4 12.0 12 41 37 
Arizona Strip BLM District 91 8.4 PT 11.4 13 68 20 
Coronado National Forest 88 6.5 2.9 11.3 14 58 50 
State of Arizona 83 10.7 5.2 13.8 14 43 17 
Prescott National Forest 75 6.9 1.6 9.9 13 64 15 
Phoenix BLM District 23 3.7 1.3 10.0 10 35 5 
Hopi Indian Reservation 11 7.9 5.9 13.8 12 64 4 
Kaibab Indian Reservation 5 9.4 6.0 11.6 19 100 1 

Total 545 7.8 2.6 UWAlSe/ 13 52 149 

Mesquite species group? 

State of Arizona 120 2.9 1.4 8.2 11 35 23 
Papago Indian Reservation 67 2.5 12 7.0 12 46 16 
Coronado National Forest 55 4.2 1.0 8.1 12 55 13 
Private or corporate 49 1.8 0.8 7.4 10 39 9 
Safford BLM District 19 1:5 1.0 8.0 8 21 5 
Other public 6 Ue 6 5.8 11 50 1 
Phoenix BLM District 5 1.4 123 5.8 13 40 1 

Total 321 CAI/. tee Ut 11 41 68 

Oak species group 

Coronado National Forest 298 3.5 1.8 9.0 12 62 99 
Private or corporate 31 7.0 2.6 10.1 16 48 9 
Prescott National Forest 10 4.7 3.2 10.0 16 30 4 
Safford BLM District 8 alot #5) 6.6 9 50 2 
State of Arizona 2 12.1 12.1 12.4 14 100 1 
Other public 1 76.4 76.4 26.6 35 100 1 

Total 350 4.0 1.8 9.1 13 60 116 

Pinyon species group 

Coronado National Forest 76 2.5 1.3 (all 13 95 37 
Arizona Strip BLM District 32 3.3 1.1 Vet 14 100 14 
Private or corporate 32 2at 1.0 7.0 13 88 12 
State of Arizona 31 4.7 ite Z, 7.8 14 94 9 
Prescott National Forest 25 3.2 1.6 6.6 lz 100 9 
Hopi Indian Reservation 13 1.8 6 6.8 11 100 4 
Phoenix BLM District 9 12.6 2.4 10.1 17 89 4 
Safford BLM District 5 8 25 5.1 11 100 2 
Kaibab Indian Reservation 3 1.6 PP 5.5 13 100 1 

Total 226 3.3 1.2 UP 14 95 92 


‘Because more than one species group occurred on many plots, summation of totals exceeds the total number of study plots. 


2Includes 12 Olneya and 19 Acacia. 


from map grid points systematically established on all 
woodlands of the owner or management groups sampled. 
Resulting sampling intensities, with two exceptions, 
were about one plot located every 15 miles across the land 
base inventoried. The two exceptions, the southern 
Arizona counties and the Coronado National Forest, were 
sampled more intensively at about one plot every 10 miles 
and one plot every 3 miles, respectively. This was done to 
ensure a large enough sample of mesquite and evergreen 
oak trees. Sampling intensities were established on maps, 
and only those plots supporting woodland vegetation were 
field sampled. Therefore, actual field plots were spaced 
out much farther than the initial sampling grid because of 


many nonwoodland inclusions within the land base inven- 
toried. Field plot size was 0.2 acre when crown cover of 
the surrounding stand was less than 30 percent, and 0.1 
acre when crown cover was more than 30 percent. On 
each plot, about six trees (four for the Coronado) were 
randomly selected from three diameter classes, 3.0 to 9.9, 
10 to 18, and >18 inches diameter at root collar (DRC). 
Volume estimation was done using visual segmentation, 
a nondestructive method of counting the numbers of wood 
segments within a tree (Born and Chojnacky 1985). Wood 
segment dimensions were determined by dividing tree 
stems and branches into 1- to 6-foot length sections using 
2-inch diameter classes. Some segment dimensions in 


lower portions of trees were measured, but most were 
estimated by sight. Cubic foot volume was computed for 
each segment using Huber’s log formula (Husch and 
others 1982, p. 101). For each tree, segments that in- 
cluded wood and bark of all stems and branches larger 
than 1.5 inches in diameter were summed into a gross 
cubic foot volume. Both live and dead wood were 
included. 

Other tree variables measured for volume equation 
development were total height, DRC, and number of basal 
stems. For trees forking at the root collar, an equivalent 
diameter (EDRC) was calculated for use in place of DRC: 


7 
EDRC = \ SD? 
= 
where 
n = number of basal stems 1.5 inches or larger 


D; = basal diameter of each stem. 


Species sampled, followed in parentheses by numbers 
sampled, were Juniperus osteosperma (Torr.) Little (266), 
J. monosperma (Engelm.) Sarg. (169), J. deppeana Steud. 
(95), J. erythrocarpa Cory (15), Pinus edulis Engelm. 
(123), P. cembroides Zucc. (72), P. edulis var. fallax Little 
(31), Prosopis velutina Woot. (290), Acacia greggii Gray 
(19), Olneya tesota Gray (12), Quercus emoryi Torr. (85), 
Q. arizonica Sarg. (37), Q. hypoleucoides A. Camus (23), 
Q. oblongifolia Torr. (17), Q. gambelii Nutt. (5), and 183 
combined Quercus hybrids, Q. turbinella Greene, 

Q. chrysolepis Liebm., and perhaps a few other evergreen 
oaks. For initial analysis, species were combined by ge- 
nus, except for Prosopis, Acacia, and Olneya, which were 
combined into a mesquite group (table 1). 


MODELING 


Volume was compared to the combination variable, 
DRC or EDRC squared times height divided by 1,000 
(DSQH), and other data characteristics through graphing. 
This was done to examine the volume data for differences 
among species and to examine the volume-to-DSQH 
relationship. 

Little evidence was found to separate the data beyond 
juniper, oak, pinyon, and mesquite species groups. Either 
a species was represented by too few trees or species vol- 
ume variation within a group was similar for all species. 
Visual volume estimation was considered a possible 
source of variation masking differences between species. 
Even though visual volume estimation was shown 
adequate for constructing volume equations (Born and 
Chojnacky 1985), no validation checks were available to 
confirm the reliability of the Arizona data. Some mes- 
quite volume data from Pima and Santa Cruz Counties 
showed less variation in data estimated by one individual 
than in data estimated by several field crews combined. 
This probably suggests that visual volume estimation 
error should be considered if there is a need to identify 
precise volume relationships between individual species. 

Graphs comparing the volume-to-DSQH relationship for 
all species groups supported the idea that volume can be 


adequately predicted from DSQH, even though the model 
relationship tends to change for larger trees. The graphs 
also showed the volume relationship differed slightly be- 

tween single-stem and multiple-stem trees. 

The point of change in the volume relationship between 
small and large trees was identified from graphs. Trees 
for each species group were ranked from smallest to larg- 
est, and the point of change was observed between the 
90th and 95th percentile, corresponding to DSQH values 
of 6, 4, 3, and 2 for juniper, oak, pinyon, and mesquite, 
respectively. 

An analysis of variance to test for differences within 
species groups was done to compare data from northern 
Arizona counties with data from southern Arizona counties 
(Chojnacky 1985, p. 5; Graybill 1976, p. 247). All four 
species groups showed no significant difference between 
northern and southern Arizona data (F-test significance 
levels were 0.19 or greater). 

Based on the results of the graphical analysis and analy- 
sis of variance, volume equations were constructed for 
seven categories: 


1. Single-stem juniper 

. Multiple-stem juniper 

. Single-stem oak 

. Multiple-stem oak 

. Single-stem mesquite 

. Multiple-stem mesquite 
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7. Single-stem pinyon (with 11 multiple-stem trees 
included). 


The model was broken into two parts to allow for differ- 
ences between the largest trees and the rest: 


Bj, +B,X+BX? forX<X, 


B,+BX+B/X forX>X, 


where 


V = gross cubic foot volume of wood and bark from all 
stems and branches larger than 1.5 inches in diameter 


X = DRC or EDRC squared times height divided by 1,000 


B = parameters estimated from data 
6 for juniper (roughly a 20-inch DRC) 

4 for oak (roughly a 16-inch DRC) 
0 3for pinyon (roughly a 12-inch DRC) 
2 for mesquite (roughly a 12-inch DRC) 


The two-part volume model was conditioned to be both 
smooth and continuous at the point where the two equa- 
tions meet. This was done by imposing two restrictions on 
the model: 


= 2 e 
B, = By + 3B, Xo (3) 
By = —2B, oe (4) 
The restrictions were obtained by equating the two parts 
of equation 2 for X equal to X,, and by equating the first 
derivative of the two parts of equation 2 at the point XY 


equal to Xo: Parameters for the two-part model (eq. 2) 
were determined using weighted regression with DSQH 


raised to the —1.5 power as the weight (Schreuder and 


Anderson 1984). 


Several steps were used to obtain final volume model 
parameters. After the first regression, Cook’s-D influence 
statistics (Cook 1977) were examined. Using criteria sug- 
gested by Belsley and others (1980, p. 29), Cook’s-D val- 
ues corresponding to each tree’s volume were arrayed by 
species group. Trees above gaps in the upper tails of the 
distributions were identified. Further examination of 
these data showed inconsistencies in visual volume seg- 
mentation application for about half the cases, suggesting 


some data should be deleted. 


Additional parameter estimates were then obtained 
after deleting data exceeding a given Cook’s-D value. 
After several comparison trials, a Cook’s-D value of 0.10 
was chosen as a reasonable cut-off point, resulting in 
deletion of 20 trees. Reducing the Cook’s-D cut-off point 
below 0.10, and deleting more trees, had a diminishing 
effect on parameter estimation. Final model parameters 
and tabulated volume predictions are given in the appen- 


dix in tables 3, 4, 5, and 6. 


MODEL RELIABILITY 


Results of regression goodness-of-fit analyses are sum- 
marized in table 2. The coefficient of determination (R”) 
was computed using the regression weights and computed 
again without regression weights. Neither computation 
method was completely satisfactory because the weighted 
R? was based on a rescaled sum of squares that cannot be 
scaled back to the original data, and the unweighted R? 


Species DRC Basal 
group class stems 


Inches 


Juniper <20 Multiple 


>20 Multiple 
<20 Single 
>20 Single 
Pinyon <12 Single 
>12 Single 
Oak <16 Multiple 
>16 Multiple 
<16 Single 
>16 Single 


Mesquite <12 Multiple 
>12 Multiple 
<12 Single 


Number 


of trees 


was based on a sum of squares that violates the homogene- 
ous variance assumption of least squares regression. But 
for those who subscribe to R?-values, those in table 2 show 
a reasonable data fit to the model. 

Confidence intervals, another method to assess 
goodness-of-fit, were examined. For each volume equation, 
confidence intervals were computed for two DRC classes 
corresponding to trees above and below the point of change 
(X,). The median size tree was selected in each DRC class 
for actual computation. Then 95 percent confidence inter- 
vals were computed for predicting mean tree volume from 
varying numbers of sample trees. For example, if five 
multiple-stem junipers about 9 inches DRC (see first line of 
table 2) were measured for volume prediction, the expected 
true volume would lie in an interval +36 percent of 2.5 ft® 
(1.6 to 3.4 ft?). If 10 junipers of 9 inches DRC were 
sampled, the expected true volume would lie in a smaller 
interval of +26 percent of 2.5 ft® (1.9 to 3.2 ft?). A sample 
size of 20 junipers would further reduce the confidence 
intervals to 19 percent of 2.5 ft? (2.0 to 3.0 ft?). Even 
larger sample sizes resulted in still smaller confidence 
intervals, but the interval reduction in relation to sample 
size diminished with the larger sample sizes. 

The confidence intervals were computed as follows: 


CI = 1.96 \MSEQ/WT/n +H) (5) 
where 
CI = 95 percent confidence interval for a predicted 
mean 
Table 2—Regression statistics from volume modeling 
Median statistics’ 
R? Predicted Median 95 percent mean CI? 
Weighted? Unweighted* volume DRC n=5 n=10 n=20 n=50 n=100 
Fe IncheSws wasaa at Percent - - ------- 

0.91 0.82 2.5 9 36 26 19 13 10 
91 79 27.6 26 16 12 8 5 4 
92 88 1.4 6 34 25 18 13 11 
92 81 28.1 20 12 9 6 4 3 
89 82 9 if 39 30 23 19 Ue 
89 96 Wal 13 16 12 8 6 4 
91 87 2.3 10 CAL 20 15 11 9 
91 HM, 11.9 18 15 11 8 6 4 
.90 82 1.4 Uf 35 26 20 15 13 
.90 89 21.7 19 14 10 a 5 4 
86 81 1.3 8 38 28 21 16 14 
86 89 9.7 14 18 13 9 6 5 
89 .88 a5 5 AS iy SO Gain BOOM eS 
89 92 


>12 Single 


11.6 14 13 9 lh 6 5 


‘Statistics based on the median of the DRC class. 

Confidence intervals (Cl) for mean predicted volume for several sample sizes for the median level of DSQH (roughly median DRC) in each DRC 
class. Cl’s are expressed as a percentage of predicted volume for each DRC class. 

Computed from weighted regression sum of squares with all tree sizes combined. 

“Recomputed from data without consideration of regression weights. 


MSE = mean squared error from weighted regression 
WT = regression weight (DSQH raised to the -1.5 
power) 
mn = desired number trees for confidence interval 
computations 


H = leverage or x(X Dae, as computed by SAS 
(1985, p. 663) for weighted regression. 


DISCUSSION 


All equations were compared graphically (fig. 2) for simi- 
larities and differences. The multiple-stem equations 
showed less volume for given DSQH values than did single- 
stem counterparts for all species groups. Of all the equa- 
tions, single-stem mesquite appeared most different. How- 
ever, extrapolation error may be the main cause, because 
few mesquite trees in the data exceeded a DSQH of 2. 

Volume equations from this study (labeled Arizona) were 
then compared to equations from Hualapai/Havasupai 
(labeled H & H) and Fort Apache/San Carlos (labeled 
Apache) Indian Reservations (Chojnacky 1988; Chojnacky 
and Ott 1986). Also compared were Olson’s (1940) and 
Andrew’s (1988) mesquite equations and volume tables 
given by Barger and Ffolliott (1972, tables 30, 31, and 32). 

The Barger and Ffolliott tables required “smoothing” of 
the tabulated data for graphic comparison. A spline inter- 
polation (SAS 1985, p. 70) was used to plot tabulated data 
for Utah juniper (labeled B & F JUOS), alligator juniper 
(labeled B & F JUDE), pinyon (labeled B & F), and oak 
(labeled B & F). 

Because some of the Barger and Ffolliott tables were 
based on diameter at breast height (d.b.h.), compatible 
graphic comparison required a conversion equation relat- 
ing DRC tod.b.h. Data from single-stem trees measured 
on the San Carlos Indian Reservation (Chojnacky 1988) 
were used to develop the following equations: 


Juniper: DRC = 2.62 + 0.8314 (d.b.h.) + 0.0135 (d.b.h.2) (6) 
n = 78, R2=0.96 


Pinyon: DRC = 1.04 + 1.1181 (d.b.h.) — 0.0029 (d.b.h.2) (7) 
n =102, R* =0.94 


Oak: DRC = 0.41 + 1.3552 (d.b.h.) — 0.0122 (d.b.h.2) (8) 
n = 76, R? = 0.92 

Comparison of the juniper equations for single-stem 
trees showed large differences between Barger and 
Ffolliott’s (B & F) work and the rest (fig. 3). However, 
these differences are probably due to volume definition 
standards. All equations, except Barger and Ffolliott’s, 
included volume of all wood pieces at least 1-foot long and 
larger than 1.5 inches in diameter. Barger and Ffolliott’s 
definition resulted in less volume per tree by including 
wood pieces with diameter standards similar to the others 
but omitting all pieces less than 4 feet long. 

The pinyon volume equation from this study (Arizona) 
was found similar to the Hualapai/Havasupai (H & H) 
equation (fig. 4). Because Barger and Ffolliott’s pinyon 
volume table appeared to be in error, a modification was 
made. In their table 31, diameter is defined at stump 
height for all trees, but it appears the volumes best 
correspond to d.b.h. for trees smaller than 10 inches and 
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Figure 2—Comparison of the seven woodland 
volume equations from this study. 
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juniper equation (Arizona) with other single-stem 
juniper equations. 
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Figure 4—Comparison of this study's pinyon 
equation (Arizona) with other pinyon equations. 
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Figure 5—Comparison of this study's oak equation 
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only correspond to diameter at stump height for trees 
larger than 10 inches. Equation 7 was used to obtain a 
corrected equation (“B & F” in fig. 4), which appeared com- 
parable to the rest. 

Comparison of the oak equations (fig. 5) showed single- 
stem equations from this study (Arizona) as similar to Fort 
Apache/San Carlos (Apache) single-stem equations. Ap- 
parent low predictions from the Barger and Ffolliott 
(B & F) equation probably resulted from their volume defi- 
nition including wood only (the rest included wood and 
bark) and possibly from excluding branches. 

Olson’s mesquite equation predicted higher than the 
others (fig. 6). Perhaps a change in mesquite tree form 
over the past 45 years accounts for this difference between 
Olson’s 1940 work and the recent single-stem equations. 
Andrew’s equation was almost identical to the Arizona 
single-stem equation for small and average size trees but 
differed considerably for larger trees. Because Andrew’s 
work included no large trees with a DSQH larger than 4, 
extrapolation error is a probable cause for this difference. 

Comparison of the available Arizona woodland volume 
equations clearly showed differences. Those taken from 
Barger and Ffolliott always appeared to give the lowest 
volume predictions. In most cases, definition differences 
explained these discrepancies. Differences between this 
study’s equations and the various Indian reservation equa- 
tions showed no consistent pattern among the species 


groups. 
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Figure 6—Comparison of this study's mesquite 
equations (Arizona) with other mesquite equations. 


Recommendations on the “best” equations to use are 
difficult to make. As previously mentioned, definition 
differences account for some of the equation differences, 
but the unique developmental data for each equation 
should also be considered. Potential users should identify 
their desired volume definition standards and identify 
their geographic location for application, and then choose 
the equation that most closely fits their need. Users from 
the northern Arizona National Forests and from the 
Navajo Indian Reservation will have the most difficulty se- 
lecting equations because no recent woodland volume data 
have been published for their areas. Some of the 1940’s 
data reported in the Barger and Ffolliott work came from 
Arizona and New Mexico National Forests, but precise 
documentation is lacking. 

If choosing an appropriate woodland volume equation is 
an issue, doing visual volume estimation (Born and 
Chojnacky 1985) on a small sample of test trees (repre- 
senting species and size diversity from the area of interest) 
will provide data for making a decision. The volume equa- 
tion that best predicts the test data then should be used. 
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APPENDIX 


This appendix—tables 3 through 6—contains cubic foot volume tables and volume equations for juniper, mesquite, oak, 
and pinyon trees. Predicted volumes include wood and bark of all stems and branches larger than 1.5 inches outside-bark 
diameter. Both live and dead material are included. The range of the data is outlined on the tables, and numbers of trees 
sampled are summarized in the table margins. Use of the equations outside the diameter at root collar (DRC) and height 
ranges outlined on the tables is not recommended. 


Table 3—Juniper outside-bark volume of stem and branch wood larger than 1.5 inches in diameter 


Basal Height (feet) Number 
DRC stems 6 8 10 12 14 16 18 20 22 24 26 28 30 32 35 40 of trees 
Inch@S wr rr ne ee ee er eee ee Cubic feet - - - -- ------------------------------ 
4 Multiple 0.3 | O38) 0:4 eOrS> | OLSe OG Os7, 12 
Single 4 4 5 6 Sf af 8 68 
6 Multiple 8 Cy asl Vee ree he alesse) Aer 33 
Single OP ale oe Ye aS aler/ Ee) 51 
8 Multiple Uso) eels 2251, 2:30) 2:6 jaa Otc n ue Ss Oman Omenaal 28 
Single Wefim esOle 22230 F2:6|" 2:9 SIZES) esto 42a ALG 37 
10 Multiple 214 2.9) (Sh S18) 43) ATS VOLS eS BG Si 619 40 
Single DESEO CeA:2 5.3 [59] 64 7.0 7.6 38 
12 Multiple Saf 244) HOME Os6 Sl SION MSH 10:5 4 eee 1at9 29 
Single 4:0 4:8" "516" 6:4 9.0 9.9 |10.8} 11.8 12.8 14.3 16.9 32 
14 Multiple 52) 6:2) ey BIS) (OA OS MG ASA OSS 16:55 Ctsmrclel 18 
Single 57 6:8 80; 92) 10S AITSh 1S hearse 5:9)" 74s a SiO 21k Ol 2ae2 Wz 
16 Multiple On Bide OO) tiled 2LOn 4S ca Gal 17.7| 1OF2e 20K/G" 22:0) 24a teTeS 21 
Single 78) 9:4, AAO) 12:8 | 14:6) 16:5) 18.4). 2053) 2220) 23:7 25:3 2775) Sill 14 
18 Multiple 9:3) WEA AS AS) 7-20 OMe :2019) F2207g 24:3 2 2610) BOG iSO hess 14 
Single 10:4} 12:5)) 14:8) 17-2 19:6" (21:9) 5240) 26:0) 2729) 2957, 131573420) 38a 8 
20 Multiple TA 29'6) AAO: \'14.45) 16199 19%3' 21:5 23:6) s25:76 275742916 33.3 36.0 40.5 115 
Single 812) T1057 13:24) 16.3), 19!3) 92251): 24.7 2 7eill|/e29r4y316 S597 S757 4057 (45:5 11 
22 Multiple 9.2 12.0|15.0 18.1 20.8 23.4 25.9] 28.3 306 328 35.0 37.2 39.3 425 47.7 9 
Single 1O%3 13:6) F171" (20577 23:9 426.8 29:6. S220 13487) (37-2 | S96" 4210 P4413 47 7 5352 
24 Multiple VSS) 21a 2a 2746 30.3} 33.0 35.6 38.2 40.7 43.3 45.8 49.5 55.6 13 
Single 21:2) 2419" 28:3) “3125 34.5) 737241194073) 43'0) 45:8 4875" 5161) 55/0) 161k 1 
26 Multiple 21.8 |25.3 28.7 31.8 349 38.0 |41.0 43.9 46.8 49.7 56.9 63.9 9 
Single 25.0 29.0 32.7 362 39.5] 428/460 49.1 522 553 584 629 2 
28 Multiple 25.2 29.0 32.7) 36.3 39.8 43.2 46.6] 499 53.3 566 599 648 72.9 4 
Single 28.8 33.1) 37:1) 41.0 44.7) (48:4){52:0) 55:65) '59)1)).62:6), 16610lmiAE2 7938 4 
30 Multiple 28.6 | 32.8] 36.9 |40.9] 44.8 48.7 525 563 60.1 63.9 67.6 73.2 82.5 4 
Single 32:6) 137/2))-41-7, 4519) 50.1 54:2) 58:3" (62:3) (66:3) (70/3 17472) 80H) 18938 1 
32 Multiple 32.1 |36.8] 41.3 | 45.8} 50.1 58:89 (63h) 67.3 76) 7598) VB222) 19247, 3 
Single 36.5 41.5 46.4 51.1 558 60.4 649 694 73.9 78.4 82.8 89.5 100.5 (0) 
35 Multiple 43.0 [48.3 53.5] 58.6 68.9 73.9 79.0 84.0 [89.1] 9661091 7 
Single 42.4 48.2 53.8 593 64.7 70.1 75.5 808 86.1 91.4 96.7 104.6 117.7 0 
40 Multiple 47.4 54.2 60.9 676 74.2 80.8 87.4 94.0 100.6 107.1 113.6 123.4 139.7 0 
Single 52.9 60.1 67.2 74.2 81.2 88.1 95.0 101.8 108.7 115.5 122.4 132.6 149.6 0 
Number 
of trees 34 51 97 93 78 74 57 20 19 11 2 4 1 3 0 1 545 
Multiple-stem: Single-stem: 
0.129 + 2.0255*X + 0.1011*X? forX<6 ~0.032 + 2.1076*X + 0.1454+X? for X<6 
Volume = Volume = 
10.786 + 2.0255°*X -— 43.663/X forX>6 15.675 + 2.1076*X — 62.827/X for X>6 
where: where: 


X = EDRC*EDRC:Height/1,000 
Note: EDRC, DRC in inches and Height in feet. 


X = DRC*DRC-Height/1,000 


Table 4—Mesauite outside-bark volume of stem and branch wood larger than 1.5 inches in diameter 


40 


Basal Height (feet) 
DRC stems 6 Ge viGe ute ise WiGy Tide (20) =22° “24+ (26; *28, °30 
Inches ss = ~~ - - - - - - - - -- - - -- - -- -- ----------- Cubic feet - - - -- ------------------------------ 
4 Multiple /02 03 03 04 05 05 |06 O07 08 
Single | .2 3 4 4 a5 6 If 8 9 
6 Multiple | Se GS. 9) HS cS PR 9. 
Single Sere eo Sai Ges ewe: [ts saul $23 | 26 
8 Multiple Coit £5. Hs, 2a 26 30. sa/(oe- as 4:8 
Single lar Meira WPS 422 527 igie faz "asa (ae <c4 wot 


10 Multiple (14 19 25 31 38 45 53 161/69] 76 83 89 95 
Single 16) P23 73:1) Fao" 748; (5:8! G8 7.8 8:9) °S:8 10:7 11:5 12:3 
12 Multiple Ze 30) 3:97 15:0) —6:20 3:3 8:3) | 92 10:01) 10:8 11:6 12:3: 13:0 
Single 26) 35%) 351064) 9719 (9:4 10:7 11.9 12:9 14:0 14:9 § 15:8 16.7 


14 Multiple (3.0 44 59 75 88 99 11.0 |12.0) 130 139/148 15.7 165 
Single Bees 6G 76) RIG daisy 26) 14.29 |15'5))| (G7 Zr 19.0, 620.1) 21:1 


16 Multiple (43) 63 | 82 98 11.2 124] 13.7|148 16.0) 17.1 182 19.2 203 
Single 54° 815 106° 126 14:4 160° 17:6° 19:0° 20:5 21.9 23.2 246 259 


18 Multiple 59 83 10.2 119 135 150 164 17.8 |19.2) 20.5 21.8 | 23.1 | 24.4 
Single Boe 10:72 13:2 1S 44 A926 21.06 22:8" 24. 4)) 26:10 27:8 92914310 
20 Multiple 14:16 15°98 1760 19:35 21:0) 22:66 24.2) 25:8) 27:4) 28:9 
Single 18.1 20:4 225 246° 26.7 28.7 30.7 32.7 34.6 36.6 
22 Multiple 20:.4° 22:4 24.3 26.3 28.2 30.1 32.0 33.8 
Single 26.0 285 309 333 356 38.0 403 426 
24 Multiple 23:4 25.7 28.0 30.2 325 34.7 37.0 39.2 
Single 29.7 32.6 35.4 38.2 41.0 43.7 465 49.2 
26 Multiple 31.9 345 37.1 39.7 424 449 
Single 40.2 435 467 499 532 564 
28 Multiple 36.1 39:1 42:1 45.1 48.2 51.2 
Single 454 492 529 566 603 64.0 
30 Multiple 406 440 475 509 544 578 
Single 51/0" 55:26 59'5) 63.7" 68.0) 72:2 
32 Multiple 45:3 49'3' 53:2 57:1" 61.0" 64:9 
Single 56.8 61.7 66.5 71.3 76.2 81.0 
Number 
of trees 36 8646 ian 163 45 24 16 2 8 1 0 1 1 
Multiple-stem: Single-stem: 


0.020 + 1.8972*K + 0.5756*X?for X<2 
Volume = Volume = 


6.927 + 1.8972*X — 9.210/X forxX>2 


where: where: 
X = EDRC*EDRC:Height/1,000 X = DRC*DRC-Height/1,000 


Note: EDRC, DRC in inches and Height in feet. 


13.7 
17.6 


17.4 
2252 


21.3 
27.2 


25.7 
32.6 


30.5 
38.5 


35.7 
45.0 


41.4 
52.0 


47.5 
59.6 


54.2 
67.7 


61.2 
76.5 


68.8 
85.8 


14.7 
18.8 


18.6 
23.8 


22.9 
29.1 


27.6 
35.0 


32.8 
41.4 


38.5 
48.4 


44.7 
56.1 


51.4 
64.4 


58.7 
73.3 


|66.4 


82.8 
74.7 


16.3 
20.8 


20.6 
26.3 


25.5 
32.3 


30.8 
38.9 


36.7 
46.2 


43.2 
54.2 


50.2 
62.9 


57.9 
72.3 


66.1 
82.5 


75.0 
93.4 


84.4 


93.0 105.0 


9.586 + 2.3378°X — 12.839/X 


Number 
of trees 


12 
62 


_— 


e907 Oo = 7 O70: -O1O7 OcO o1O: oS GN -o~s! oO) — & 


Ww 
ins) 
=s 


0.043 + 2.3378°X + 0.8024+X? for X<2 


for X>2 


Table 5—Oak outside-bark volume of stem and branch wood larger than 1.5 inches in diameter 


Basal Height (feet) Number 
DRC stems 6 8 10 12 14 16 18 20 22 24 26 28 30 32 35 40 oftrees 
IncheS ww ee ee ee ee eee eee eee 5 ee =e Cubic feet - - - -------------------------------- 
4 Multiple 0.3 H Os O57 TOSe NOlGr O87 O87, 7 
Single 3 4 iS) 6 6 WA 8 9 48 
6 Multiple aA ‘By 0) el Uy aes da aids} 22 
Single CV MO yee hac! 1.9 47 
8 Multiple 1S MEGEts ESR Ose ord SOF 73'3r 36 27 
Single 15 29 22; 25) 239 36 4:0), V4E3 39 
10 Multiple PaaS sey, a \(0) cc is) ; 49 Gey 7/1 20 
Single s i 257 SON SG Fak ayo 3 77 684 32 
12 Multiple AES a 2a Sulit tS aio S52 c6Ol a 68h e726 3) 10s ANON AES aSiORn Ars 30 
Single 2 29 Ske VASO (StS 16r2e 7s] SOM ats 9) LOLS [NES], 1229) | 1St8h AS 2aeiies Ae 
14 Multiple 3.4] 4:30 5:3 6:4. 7.5) (S60) 9:8) TAO ASI Taco Set Gain nie OR Ze ven 
Single 4:05 1512) 64 7:6" (8:8 MOM AALS | MAS eae Sra Mees meli7e7| WSS 20! saeeste 11 
16 Multiple 46 5:9) 7.3)" 18:8) “10/3 18 13:25) 14'5) 1518) Or A182. TA9i4) 20'S) 22k e510 3 
Single 5AN| 7.08 862 10:35 12 ASM Si4e 1720) 18i5" WSIS 21S 22.76 eas! (26205 6 
18 Multiple 7.8) S37 A162 13:4) 150 166" 1S) ASI6% 2iOF (22:A" 23'B) 25:2 27eS Ole 3 
Single 9.2) 17.4./13.6° 15.6: 17.68) 19:4> 21:2 23:0" 24.77 (26.4) 28:1) 29.8 32.3) (3614 4 
20 Multiple 10:05 | 12:35| 14:45/ 16.45 18:3)h 20317 (2109!) 23:6)| "25.3" (27.0) (28:7. 30:3) 328 cers 5 
Single 11.8 14.4 16.9 19.2 21.4) 23.6 25.7 |27.8 29.9 319 340 36.0 |39.0] 43.9 3 
22 Multiple 12:45 15:08 3m 1956 2 faeoco Ceres 29.9 31.9 33.8 358 38.7 43.6 1 
Single 14:6" 17:5) 20:3" ~22:9))25:5)|' “28:0” 30:5. 3310) 35/4) (37.9 "4013427, 463m b2s2 2 
24 Multiple 22.8) 25.26 [2727 30)0F (32:4)7-348) 137.1 39:4 V4 45teee S019, 0 
Single 26:8)7 29:8) (325/72 35:6, S815) 41:4 44s 47a 4919" 54: 2eiGiee 0 
26 Multiple 26.2 29.0 31.8 346 37.3 40.0 42.7 45.4 48.1 522 589 (0) 
Single 30.9 |34.4) 37.8 41.1 445 478 51.2 545 57.8 70.9 2 
28 Multiple 29:8" 33:0! 36:2 3914 42:5 45\7 48:8 51/9) 55:0) 59979 "6774 (0) 
Single 35.3 393 43.1 47.0 509 54.7 586 624 662 719 81.4 0 
Number 
of trees 25 42 61 70 53 38 26 13 3 8 1 4 2 0 3 1 350 
Multiple-stem: Single-stem: 
-0.028 + 1.9545*X + 0.1400°X7for X<4 0.068 + 2.4048-X + 0.1383°X? for xX <4 
Volume = Volume = 
6.691 + 1.9545°*X — 17.918/X forX >4 6.571 + 2.4048°X -— 17.704/X for X >4 
where: where: 


X = EDRC-EDRC=Height/1,000 


Note: EDRC, DRC in inches and Height in feet. 
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X = DRC*DRC:Height/1,000 


Table 6—Pinyon outside-bark volume of stem and branch wood larger than 1.5 inches in diameter 


Basal Height (feet) 
DRC stems 6 8 10 12 #14 #«+16 #+18 #20 22 24 26 28 30 32 35 «40 
Inches ss = ~~ - ~~ - - = - - - - = = - - - ~~ -- -- - -------- Cubic feet - - - -- ------------------------------ 
eo SS ees 07 08 08 og 10 [14 
Multiple 
6 Single/ 
Multiple 1.6 26 28 
Sw estes 3.0 49, 5.3 57 
Multiple : j . . 
10 Single/ 
Multiple 49 56 62 68 
deel 74 84 94 103 17.0 
Multiple 
14 Single/ 
Multiple 11.7 129 14.0 22.6 
16 Single/ 
Multiple 9.0 10.7 123 138 15.2|16.7|18.1/19.4| 208 22.2 235 255 289 
¥ aaa 13.6 15.4 17.2 19.0 20.7 224 241 258 27.5 29.2 31.7 35.9 
ey ele 143 16.6 187 20.9 [23.0] 251 27.2 293 31.3 334 355 385 436 
Multiple 
=e Ste 249 27.4 299 324 349 374 39.9 423 460 522 
Multiple 
fy acoinglel 29.2 32.2 35.1 381 41.0 44.0 49.8 54.2 61.5 
Multiple ; : 
226 celueled 33.8 37.3 408 44.2 476 51.1 54.5 579 71.6 
Multiple 
28 Single/ 
Multiple 38.8 428 468 508 548 58.7 62.7 66.7 726 825 
Number 
of trees (cPemOOMsens5 258s 622) 12 jo. 40 2 3. 4 {> za gO 
0.060 + 2.5139*X + 0.1466°Xfor X<3 
Volume = 
3.898 + 2.5139°X — 7.917/X forX>3 
where: 
X= Esc eenee ce for single-stem trees 
5 EDRC-EDRC:Height/1 ,000 for multiple-stem trees. 


Note: EDRC, DRC in inches and Height in feet. 
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Chojnacky, David C. 1988. Juniper, pinyon, oak, and mesquite volume equations for 
Arizona. Res. Pap. INT-391. Ogden, UT: U.S. Department of Agriculture, Forest 
Service, Intermountain Research Station. 11 p. 


Volume prediction equations have been developed for Arizona’s juniper, pinyon, oak, 
and mesquite woodland tree species. The equations require measurements of total tree 
height and tree diameter near the root collar. Results are presented in equation and 
tabular formats. Volume equation construction, volume equation reliability, and compari- 
son of the results with other studies are discussed. 


KEYWORDS: Juniperus, Pinus edulis, Prosopis, Acacia, Olneya, Quercus, volume table, 
Cook’s-D, weighted regression 
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The Intermountain Research Station provides scientific knowledge 
and. technology to improve management, protection, and use of the 
forests and rangelands of the Intermountain West. Research is 
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Idaho, Utah, Nevada, and western Wyoming. Eighty-five percent of 
the lands in the Station area, about 231 million acres, are classified 
as forest or rangeland. They include grasslands, deserts, shrublands, 
alpine areas, and forests. They provide fiber for forest industries, 
minerals and fossil fuels for energy and industrial development, water 
for domestic and industrial consumption, forage for livestock and 
wildlife, and recreation opportunities for millions of visitors. 

Several Station units conduct research in additional western States, 
or have missions that are national or international in scope. 

Station laboratories are located in: 


Boise, Idaho 

Bozeman, Montana (in cooperation with Montana State University) 

Logan, Utah (in cooperation with Utah State University) 

Missoula, Montana (in cooperation with the University of Montana) 

Moscow, Idaho (in cooperation with the University of Idaho) 
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Provo, Utah (in cooperation with Brigham Young University) 

Reno, Nevada (in cooperation with the University of Nevada) 
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